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Abstract
Background: Understanding the knowledge, attitudes and practices of physicians towards antibiotic resistance is
key to developing interventions aimed at behavior change. The survey aimed to investigate physicians’ knowledge
and attitudes towards antibiotic resistance in a tertiary-care hospital setting in Ghana.
Methods: We conducted a cross-sectional respondent-driven survey using a 40-item, anonymous, voluntary,
traditional paper-and-pencil self-administered questionnaire among 159 physicians at Korle-Bu Teaching
Hospital. Single and multi-factor analysis were conducted to assess the study objectives.
Results: The survey was completed by 159 of 200 physicians (response rate of 79.5%). Of physicians, 30.1%
(47/156) perceived antibiotic resistance as very important global problem, 18.5% (29/157) perceived it as
very important national problem and only 8.9% (14/157) thought it as a very important problem in their
hospital. Methicillin resistant Staphylococcus aureus was the most known about antibiotic resistant bacteria
of public health importance followed by extended-spectrum beta-lactamase-producing Enterobacteriaceae,
carbapenem resistant Enterobacteriaceae (CRE) and vancomycin resistant enterococci (VRE). In multiple
logistic regression analysis, senior physicians were nearly 3 times more likely to know about CRE than junior
physicians. The odds of knowing about VRE increased over 4.5 times from being a junior to becoming
senior physician. Among junior physicians, age had no associated effect on their knowledge of VRE or CRE.
Conclusions: Physicians in this survey showed variable knowledge and perceptions on antibiotic resistance.
Introducing educational programs on antibiotic resistance would be a useful intervention and should focus
on junior physicians.
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Background
Antibiotics are among the most commonly used drugs
in hospitals and the community [1]. The effectiveness of
antibiotics in preventing and treating infections is threat-
ened by the global rise in bacteria resistance [2, 3]. Ad-
dressing the challenge of antibiotic resistance involve
efforts aimed at modifying behaviour of physicians
towards prescription of antibiotics [4–6]. This requires
understanding of the physicians’ knowledge, attitudes,
and practices (KAP) towards antibiotic resistance. It has
been suggested that physicians are likely to change their
antibiotic prescribing behavior when their knowledge, at-
titudes and skills are aligned to the reduction of anti-
biotic resistance [7]. Several KAP surveys on
antimicrobial resistance have been conducted among
physicians in community settings [8–13]. Fewer studies
have been performed among physicians in tertiary care
settings, and these are mostly from Europe [11, 14, 15]
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and the Americas [10, 16]. In Africa, KAP studies on anti-
biotic resistance are rare [17–20]. In all these studies, the
authors have consistently identified gaps in the knowledge,
attitudes, and perceptions of physicians towards antibiotic
resistance which are important to promote the rational
use of antibiotics and develop interventions aimed at be-
havior change [15].
Most surveys that have assessed KAP of physicians on
antibiotic resistance involved univariate analyses. To the
best of our knowledge, only one study has conducted
multivariate analysis to investigate factors that affect
physicians’ KAP on antibiotic resistance [21]. These
findings however may not necessarily be applicable in
our setting as physicians’ perceptions of antimicrobial
resistance have been shown to vary across institutions
[14]. In Ghana, studies have shown high levels of anti-
biotic resistance in hospitals [22–25], but published data
assessing the KAP of physicians towards antibiotic re-
sistance are absent. In this study, we have used univari-
ate comparisons and multiple regression analysis to
assess the knowledge, attitudes and perceptions of physi-
cians on antibiotic resistance in a tertiary care setting.
To report our findings, we followed guidelines for
Strengthening the Reporting of Observational Studies in
Epidemiology for respondent-driven sampling studies:
“STROBE-RDS” statement [26].
Methods
Study design and setting
We conducted a cross-sectional respondent-driven
study among physicians of the Korle-Bu Teaching
Hospital (KBTH) in August 2015. The Korle-Bu
Teaching Hospital is a 2000 bed referral facility serv-
ing the Ghanaian population as well as some coun-
tries in the West African sub-region. In 2013, the
central outpatient department at Korle-Bu Teaching
Hospital recorded about 30,000 patient consultations
per month; with over 138 admissions per day [27].
Study population
Physicians of all levels of expertise at the Depart-
ments of Medicine, Surgery, Paediatrics and Obstet-
rics and Gynaecology were purposefully selected to
complete self-administered questionnaires. These de-
partments have the highest number of patient con-
sultations per day and the largest number of
physicians attached to the hospital. In a count of
permanent physicians on the nominal roll of the se-
lected hospital departments, 200 physicians in total
were found, and all were considered eligible to par-
ticipate in our study. They included house officers
(qualified doctors practicing under supervision in the
first year after graduation), medical officers/residents
(medical graduates engaged in specialized practice
under supervision), senior residents/specialists, and
senior specialist/consultants.
Survey instrument
The questionnaire (Additional file 1) used in this
study was developed in consultation with experts on
infectious diseases, and after searching the literature
for similar studies [15, 17, 28]. The questionnaire was
English-based; and subjected to pre-testing with 5
physicians to check for clarity and comprehension of
questions. The survey instrument covered questions
on knowledge, attitude and perception. Data on the
practices of physicians’ regarding antibiotic resistance
will be published elsewhere. The 40-item self-
administered questionnaire collected information
under four cluster headings. The first included demo-
graphics and general information data (including age,
gender, level of training, years of practice experience
after completion of medical school, and the depart-
ment of practice). The second cluster comprised per-
ceptions on the importance of the antibiotic
resistance problem (including perceived importance
of the problem at the global, national, hospital, and
at the unit/departmental level of practice; impact of
the antibiotic resistance on patients’ safety at the de-
partment of practice; and the self-reported experi-
ence of the inappropriate use of antibiotics in the
department of practice). The third collected
information was about perceptions on causes of anti-
biotic resistance. On the basis of review of literature
[15, 17, 28], we selected eight possible causes of
antibiotic resistance including self-medication, un-
completed antibiotic therapy, use of antibiotics in
humans, and poor quality antibiotics. Here, partici-
pants were asked to rate the extent to which those fac-
tors contribute to the development of antibiotic
resistance. The last cluster incorporated questions on
knowledge and attitude on antibiotic resistant bac-
teria of public health importance [including know-
ledge and management of infections by methicillin
resistant Staphylococcus aureus (MRSA), extended-
spectrum beta-lactamase-producing Enterobacteria-
ceae (ESBL), carbapenem resistant Enterobacteriaceae
(CRE), and vancomycin resistant enterococci (VRE)].
Questions on perceptions of antibiotic resistance used
3-point Likert-style response options from very im-
portant to minimally important. To assess knowledge
on the prevalence of antibiotic resistant bacteria of
public health importance, physicians were asked to
choose the correct order of prevalence for MRSA,
ESBL, CRE, and VRE. The KBTH has a higher preva-
lence of infections caused by ESBL [24, 29] compared
to MRSA [30, 31]. It is also anecdotal experience that
CRE are encountered more often than VRE, but there
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are no published reports to document this evidence.
Thus any order of prevalence for the resistant bac-
teria ESBL>MRSA>VRE > CRE or ESBL>MRSA>
CRE > VRE was considered to correct.
Survey administration
The survey questionnaires were used to collect data
over a 2-week period. Data collection was led by the
principal investigator at post ward-round clinical
meetings to maximize the chances of reaching physi-
cians in the selected departments. Completed ques-
tionnaires were collected at the end of the day.
Questionnaires not returned within 1 week triggered
personal reminders. There was no incentive for phy-
sicians to participate. Each questionnaire included a
cover letter explaining the purpose of the study and
a consent form requesting the participation of physi-
cians and assuring that confidentiality would be
maintained. The questionnaires were without identi-
fiers to ensure anonymity of respondents.
Statistical methods
Statistics on baseline characteristics of the study hospital
including local guidelines, and the prevalence of CRE
Table 1 Baseline characteristics of hospital and physicians participating in the study
Hospital characteristics Description Number of respondents Percentage
Type of hospital 2000 bed university public teaching hospital 159 –
Prevalence of infections caused by ESBL-producers [24] Data retrieved from a cross-sectional study 350 44.3
Prevalence of MRSA infections [31] Data retrieved from a cross-sectional study 3.0
Prevalence of CRE infections Data not published 250 0.3
Prevalence of VRE infections Data not published 100 0
Availability of local antibiotic guidelines No
Availability of drug and therapeutic committee Yes – –
Access to microbiologist advice Yes. Mainly through request for clinical consultation, but also some advice by phone; only
during working hours
Access to clinical pharmacists advice in KBTH Yes. Mainly through request for clinical consultation, but also some advice by phone; only
during working hours
Access to computer-based prescription No
Hospital departments Surgery 26 16.35
Genitourinary 4 2.51
Medical 45 28.30
Obstetrician and Gynecology 25 15.71
Orthopedics 5 3.14
Paediatrics 37 23.27
Other departmentb 17 10.69
Number of physicians surveyed Of all levels of expertise and training 159 79.50
Age of study participants (mean ± SD)a – 159 32.11 ± 6.52 years
Gender of physicians surveyed Male 93 58.49
Female 63 39.6
Level of training among study participants House officers 64 40.25
Medical officers/residents 52 32.70
Senior residents/specialists 33 20.75
Senior specialists /consultants 10 6.28
Years of practice among study participants < 1 year 60 37.77
1–2 years 6 3.77
3–5 years 19 11.90
> 5 years 74 46.54
VRE vancomycin resistant enterococci, CRE carbapenem resistant enterococci, ESBL extended-spectrum beta-lactamases, MRSA methicillin resistant
Staphylococcus aureus
aSD, standard deviation
bOthers include polyclinic (n = 1), neurosurgery (n = 1), not stated (n = 15)
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and VRE were obtained with assistance from the hospi-
tal’s Research and Development Unit. Study data was
analyzed with the Statistical Package for Social
Sciences Version 21 (IBM, USA). Proportions were
calculated for categorical variables; means and
standard deviations were calculated for continuous
variables. We used the chi-square test for compari-
son of categorical data, or Fisher’s exact test when
needed. Unadjusted odds ratio (OR) at 95% confi-
dence interval (95%CI) with chi-square test was
used to estimate univariate associations. Variables
with statistical significance at P < 0.05 were incorpo-
rated into a multivariate logistic regression models
to identify knowledge, attitudes or perceptions that
are independently associated with being a senior or
junior physician. Junior physicians referred to doc-
tors from house officers to those still in their
residency training. Post residency trained doctors
were considered senior physicians. Physician vari-
ables that were not retained in the models by this
procedure were tested for confounding by adding
them one at a time and examining their effects on
the ß coefficients. Variables that caused substantial
confounding (change in ß coefficient of 110%) were
included in the final model. Predictive accuracy of
the models was assessed by Hosmer and Lemeshow
goodness-of-fit test with P > 0.05 indicating that the
model predicts accurately on average. The area
under the Receiver Operating Characteristic (ROC)
curve was used to evaluate the discriminatory cap-
ability of the models. Effect size determination was
then used to compare significant terms from the
multivariate logistic analysis — with possible inter-
action of the variables computed with analysis of
Table 2 Perceptions and knowledge of physicians on antibiotic resistance
Physicians’ perceptions and knowledge Number of respondents (%)
Perceptions Very important Important Not important Don’t know
Grade the level of antibiotic resistance worldwide 47(30.1) 67(42.9) 6(3.8) 36 (23.1)
Grade the level of antibiotic resistance in Ghana 29 (18.4) 76 (48.4) 5 (3.2) 47 (29.9)
Grade the level of antibiotic resistance in your hospital 14 (8.9) 81 (51.5) 16 (10.1) 46 (29.3)
Grade the level of antibiotic resistance in your department 9 (5.8) 56 (36.1) 42 (27.1) 48 (30.9)
Rate the impact of antibiotic resistance on patient safety in your department 103 (66.0) 51 (32.7) 2 (1.3) 0
Yes No
Do you think antibiotics are used appropriately in your department? 110 (72.3) 42 (27.6)
Knowledge ESBL MRSA CRE VRE
Do you know about the following resistant bacteria? 86 (62.7) 150 (98.6) 157 (37.6) 74 (48.6)
Have you ever managed patients with infections by the following resistant bacteria? 27 (17.3) 49 (31.8) 7 (4.4) 6 (3.9)
Are patients in the hospital at risk of the following resistant bacteria? 78 (51.3) 133 (86.3) 48 (30.5) 67 (43.2)
Does the hospital have a problem with the following resistant bacteria? 38 (24.8) 73 (47.1) 18 (11.5) 15 (9.4)
What is the extent of the hospital’s problem with the following resistant bacteria?
Very serious 6 (15.7) 25 (34.2) 3 (16.6) 4 (26.6)
Serious 25 (65.7) 37 (50.6) 13 (72.2) 10 (66.6)
Not serious 7 (18.4) 11 (15.1) 2 (11.1) 1 (6.6)
Indicate the correct order of prevalence for the following resistant bacteria in Ghana E >M > V > Ca M > E > C > V E >M > C > V Don’t know
All respondents 17 (10.8) 52 (33.3) 10 (6.4) 77 (49.4)
Senior physicians 9 (21.4) 8 (19.1) 5 (11.9) 20 (47.6)
Junior physicians 8 (7.0) 44 (38.5) 5 (4.3) 57 (50.0)
> 5 years of experience 11 (14.6) 21 (28.0) 5 (6.6) 38 (50.6)
< 5 years of experience 6 (7.5) 31 (38.8) 5 (6.25) 38 (47.5)
ªE Extended-spectrum Beta-lactamases, M Methicillin resistant Staphylococcus aureus, C carbapenem resistant Enterobacteriacaea, V Vancomycin
resistant Enterococci
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covariance (ANCOVA) [21]. Collinearity was exam-
ined with the tolerance statistics by replacing vari-
ables with each other and examining the effect on
the models.
Results
Demographics
The survey was completed by 159 of 200 physicians (re-
sponse rate of 79.5%) from 4 specialties. The mean age of
respondents was 32.11 ± 6.52 years (Table 1). Respondents
included 64 (40.31%) house officers, 52 (32.73%) medical
officers/residents, 33(20.82%) senior residents/specialists,
and 10 (6.30%) senior specialist/consultants. After dichot-
omizing the 4-option level of training, 72.90% (116/159)
and 27.0% (43/159) of the sample comprised junior and
senior medical physicians respectively. A total of 74
(46.51%) respondents had > 5 years practice experience,
whiles 19 (11.90%) had practiced for 3–5 years, 6 (3.80%)
for 1–2 years, and 60 (37.71%) for < 1 year.
Perceived problem of antibiotic resistance
Of physicians, 30.11% (47/156) perceived antibiotic
resistance as a very important global problem, 18.5%
(29/157) a very important national problem, 8.91%
(14/157) a very important problem in their hospital,
and 5.50% (9/154) a very important problem in their
departments (Table 2). Two-thirds of respondents
(103/156) perceived the impact of antibiotic resist-
ance on patients’ safety in their departments as very
important — this perception was influenced by the
belief that antibiotics were used inappropriately in
the departments (23/103 versus 19/49; X2 = 10.10;
OR, 3.21; P = 0.001).
Perceptions on causes of antibiotic resistance
Four factors were significantly perceived by the
majority of physicians as very important causes of
antibiotic resistance (Fig. 1): overuse of antibiotics in
the population (69.81%, n = 111/159), overuse of an-
tibiotics in hospitals (67.52%, n = 106/157), self-
medication (55.19%, n = 85/154), and uncompleted
antibiotic therapy (50.31%, n = 80/159). Less than
half of the physicians (37.73%, n = 60/159) considered
poor quality antibiotics and low antibiotic dosage
(17.08%, n = 27/158) as very important causes of
antibiotic resistance. Overuse of antibiotics in ani-
mals was perceived as the least important cause of
antibiotic resistance (67.94%, n = 106/156). We incor-
porated the four most perceived very important
causes of antibiotic resistance into a multivariable
linear model to determine the best predictor of the
physician’s’ perception that antibiotic resistance is a
very serious problem in Ghana. The latter was best
predicted by the perception that antibiotic overuse
in hospitals is a very important cause of antibiotic
resistance (r = 0.54, P = 0.019) — the other three var-
iables in the model were non-significant.
Fig. 1 Perceptions of causes of antibiotic resistance. Four factors were identified as being the most important causes of antibiotic resistance:
overuse of antibiotics in the population overuse of antibiotics in hospitals, self-medication, and uncompleted antibiotic therapy
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Knowledge of antibiotic resistant bacteria of public
health interest
Of the four bacteria groups presented to respondents
(Table 2), MRSA (98.74%, n = 157/159) and CRE
(37.11%, n = 59/159) were the most and least known
antibiotic resistant bacteria respectively. We therefore
evaluated knowledge of ESBL, MRSA, CRE, and VRE
versus years of practice and how this varied among jun-
ior and senior physicians (Fig. 2). For ESBL, the results
can be interpreted as knowledge increasing from
29.80% for physicians who had practiced for < 1 year
(junior physicians only) to 62.0% among physicians
with > 5 years of practice (55% senior physicians, 45
junior physicians) (overall chi-square test for increasing
linear trend, P = 0.001). A flat trend was observed for
knowledge of MRSA which remained high (> 97%)
among physicians with < 1 year of experience through
to those with > 5 years of practice (Chi-square tests for
increasing linear trend, P = 0.971). In contrast, know-
ledge of CRE and VRE were uncommon among physi-
cians until after 3–5 years of practice (Chi-square for
increasing linear trend, P = 0.004 for VRE and P = 0.001
for CRE).
Clinical experience versus knowledge of antibiotic
resistant bacteria
We sought to examine the responses of physicians’ who
knew about ESBL, MRSA, CRE, and VRE and how this re-
lated to their clinical experience. Physicians who knew
about ESBL were more likely to have previously managed
patients with such infections (OR, 1.42; 95%CI, 0.09–3.51;
P = 0.021); this association was influenced by the physi-
cian’s level of training (i.e. senior vs junior doctor: 52% of
senior physicians who knew about ESBL had also man-
aged ESBL infections compared to 21% of junior physi-
cians who knew about ESBL and had managed ESBL
infections; X2 = 1.91, P = 0.001). Similarly, physicians who
knew about VRE were more likely to have previously man-
aged patients with such infections (OR, 1.91; 95%CI,
1.11–2.98; P = 0.001) and this association was also influ-
enced by their level of training (i.e. 54% of senior physi-
cians who knew about VRE had previously managed VRE
infections compared to 25% of junior physicians who
knew about VRE and had managed VRE infections; X2 =
1.34, P = 0.019). Physicians who knew about CRE were
also more likely to have managed patients with such infec-
tions (OR, 1.20; 95%CI, 0.81–1.72; P = 0.015) and this
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Fig. 2 Physicians’ years of practice versus their knowledge of MRSA, ESBL, VRE and CRE. Shaded and white background represent percentage of
junior and senior physicians respectively within each category. Chi-square for linear trend (increasing): Knowledge of ESBL, P = 0.001; knowledge
of MRSA, P = 0.971; knowledge of knowledge of VRE, P = 0.004; knowledge of CRE, P = 0.001. MRSA, methicillin resistant Staphylococcus aureus;
ESBLs, extended-spectrum beta-lactamases; CRE, carbapenem resistant Enterobacteriaceae; VRE, vancomycin resistant Enterococcus species
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Table 3 Univariate analysis of physicians’ knowledge of multidrug resistant bacteria of public health importance across senior and
junior physicians
Physicians characteristics Numbers Level of training Unadjusted odds ratio P-value
Senior physicians (n = 43) Junior physicians (n = 116)
Gender (n = 156) 42 114
Male (n = 93) 27 66 1.31 (0.6–2.7) 0.471
Female (n = 63) 15 48
Age of respondents (n = 159) 39.4 ± 6.5 29.3 ± 4.0 2.71 (1.04–5.02) 0.001
Level of antibiotic resistance in hospital (n = 157) 42 115
Very important (n = 14) 4 10 1.11 (0.33–3.73) 1
Important (n = 81) 26 55 1.77 (0.86–3.65) 0.118
Not Important (n = 16) 3 13 0.60 (0.16–2.23) 0.561
Don’t know(n = 46) 9 37 0.57 (0.25–1.32) 0.191
Level of antibiotic resistance in unit (n = 154) 74 80
Very important (n = 9) 6 3 2.26 (0.55–9.41) 0.313
Important (n = 56) 30 26 1.41 (0.73–2.74) 0.300
Not important (n = 42) 15 27 0.50 (0.24–1.04) 0.061
Don’t know(n = 48) 23 24 1.05 (0.53–2.09) 0.887
Level of antibiotic resistance in Ghana (n = 157) 42 115
Very important (n = 29) 5 24 0.51 (0.18–1.44) 0.200
Important (n = 76) 24 52 1.61 (0.79–3.29) 0.185
Not important (n = 7) 2 3 1.86 (0.30–11.59) 0.610
Don’t know(n = 47) 11 36 0.78 (0.35–1.72) 0.381
Level of antibiotic resistance worldwide (n = 156) 41 115
Very important(n = 103) 30 73 1.26 (0.59–2.69) 0.543
Important(n = 51) 13 38 0.86 (0.40–1.83) 0.689
Not important (n = 2) 0 2 – 1
Antibiotics used appropriately in department (n = 152) 40 112
Yes(n = 110) 29 81 1.01 (0.45–2.26) 1.00
No (n = 42) 11 31
Knowledge of VRE (n = 152) 113 39
Yes (n = 74) 48 26 2.71 (1.26–5.81) 0.009
No(n = 78) 65 13
Have ever managed VRE (n = 155) 115 40
Yes(n = 6) 3 3 3.03 (0.59–15.65) 0.339
No(n = 149) 112 37
Extent of VRE problem in hospital (n = 143) 115 41
Very serious(n = 4) 3 1 0.93 (0.09–9.23) 1
Serious(n = 16) 11 5 1.31 (0.43–4.03 0.764
Not serious(n = 136) 101 35 0.81 (0.29–2.27) 0.689
Knowledge of CRE (n = 157) 116 41
Yes (n = 59) 34 25 3.77 (1.79–7.93) 0.001
No (n = 98) 82 16
Have ever managed CRE (n = 158) 116 42
Yes (n = 7) 5 2 1.11 (0.21–5.95) 1
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association was influenced by their level of training (i.e.
63% of senior physicians who expressed knowledge of
CRE had also managed CRE infections compared to 33%
of junior physicians who knew about CRE and had also
managed CRE infections; X2 = 2.94, P = 0.009).
Respondents characteristics associated with being a
senior versus junior physician
Our finding that physicians’ knowledge and perception
patterns on antibiotic resistance stratify across level of
training (i.e. senior and junior physicians) led us to per-
form multiple linear regression with the aim of identifying
independent physician’s characteristics significantly
associated with being a senior or junior physician. In uni-
variate analysis (Table 3), several knowledge patterns re-
garding antibiotic resistant bacteria of public health
importance were noted to be significantly associated with
being a senior physician, including knowledge of VRE
(OR, 2.71; 95% CI, 1.26–5.81; P = 0.009), CRE (OR, 3.77,
95% CI, 1.79–7.93; P = 0.001), and ESBL (OR, 3.57, 95%
CI, 1.63–7.85; P = 0.001). Table 4 shows the multivariate
analysis of respondents’ variables independently associated
with senior physicians. Overall, higher mean age (P = 0.01)
was independently associated with being a senior doctor.
Senior physicians were 2.75 times more likely to know
about CRE than junior physicians [adjusted odds ratio
Table 3 Univariate analysis of physicians’ knowledge of multidrug resistant bacteria of public health importance across senior and
junior physicians (Continued)
Physicians characteristics Numbers Level of training Unadjusted odds ratio P-value
Senior physicians (n = 43) Junior physicians (n = 116)
No (n = 151) 111 40
Extent of CRE problem in hospital (n = 18) 9 9
Very serious (n = 3) 2 1 0.44 (0.03–5.93) 1
Serious (n = 7) 3 4 1.6 (0.24–10.81) 1
Not serious (n = 8) 4 4 1 (0.16–6.42) 1
Knowledge of ESBLs (n = 152) 111 41
Yes (n = 78) 48 30 3.57 (1.63–7.85) 0.001
No(n = 74) 63 11
Have ever managed ESBLs (n = 156) 114 42
Yes (n = 27) 11 16 5.76 (2.39–13.89) 0.001
No (n = 129) 103 26
No(n = 115) 89 26
Extent of ESBL problem in hospital (n = 38) 23 15
Very serious (n = 6) 4 2 0.73 (0.11–4.59) 1
Serious (n = 25) 15 10 1.06 (0.26–4.22) 0.921
Not serious(n = 7) 4 3 1.19 (0.22–6.26) 1
Knowledge of MRSA (n = 152) 112 40
Yes (150) 110 40 0.36 (0.04–2.67) 0.575
No (n = 4) 2 2
Have ever managed MRSA(n = 152) 76 75
Yes (n = 32) 17 32 2.67 (1.32–5.41) 0.005
No (n = 104) 61 43
Extent of MRSA problem in hospital (n = 85) 64 21
Very serious (n = 25) 20 5 0.68 (0.22–2.13) 0.517
Serious (n = 53) 41 12 0.75 (0.27–2.041) 0.571
Not serious(n = 7) 3 4 4.78 (0.97–23.47) 0.061
Correct order of resistance in hospital (n = 156) 114 42
EMVC (n = 17)a 8 9 3.61 (1.39–10.11) 0.018
Others (n = 137) 104 33
VRE vancomycin resistant enterococci, CRE carbapenem resistant enterococci, ESBL extended-spectrum beta-lactamases, MRSA methicillin resistant Staphylococcus
aureus, KBTH Korle-Bu Teaching Hospital
aEMCV, ESBL-producers>MRSA>CRE > VRE
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(AOR), 2.75; 95% CI, 1.18–4.93; P = 0.012]. The results
also show that the odds of VRE knowledge increases over
4.5 times from being a junior to becoming senior phys-
ician (AOR, 4.63, 95% CI, 1.51–8.22; P = 0.001).
Associated effects of age on knowledge of CRE and VRE
among senior and junior physicians
The associations between significant terms in the
multivariate regression analysis for senior versus jun-
ior physicians were further assessed to directly test
the significance of age on physicians’ knowledge of
VRE and CRE. Figure 3 shows that senior physicians
who knew about CRE were significantly younger than
those who knew about VRE. The associated increase
in mean age observed among senior physicians due to
their knowledge of CRE was 10.5 years (95% CI,
8.03–16.73; P = 0.016). Similarly, the knowledge of
VRE-associated increase in mean age of senior physi-
cians was 16.1 years (95% CI, 13.21–19.22; P = 0.001).
Senior physicians with knowledge of VRE were also
more likely to know about CRE (OR, 1.21, 95% CI,
2.11–5.93; P = 0.010). Among junior physicians, age
had no associated effect on their knowledge of CRE
or VRE.
Discussion
It has been suggested that a better understanding of
what physicians know about and believe regarding is-
sues of antimicrobial use and resistance can enhance
the effectiveness of interventions targeted at impro-
ving in-hospital antimicrobial use and control of
antibiotic resistance [12]. In this study, conducted in
a large Teaching Hospital from a resource limited
setting, there was variable knowledge of antibiotic re-
sistance among physicians concerning the causes and
scale of antibiotic resistance. The extent of antibiotic
resistance in the respondents’ department was likely
to have been underestimated. Senior physicians were
more likely to have better knowledge of antibiotic re-
sistant bacteria of public health importance compared
to junior physicians.
The majority of physicians in this study perceived
antibiotic resistance as a global problem while a mi-
nority regarded it a problem in their own depart-
ments. These findings are similar to studies from
other settings where respondents agreed that anti-
biotic resistance was an important problem but less
in their own practice compared to national and the
rest of the world [4, 14, 20, 32]. These findings how-
ever differ from that in a Brazilian study where most
respondents considered antibiotic resistance a prob-
lem across all the three levels [16]. It has been sug-
gested that such findings may indicate that
respondents see the risks of antibiotic resistance as
more theoretical than concrete, and this may weaken
Table 4 Multivariate analysis of factors associated with senior
physicians compared to junior physicians
Age Adjusted OR P-value
Knowledge of CRE 2.35 (1.18–4.93) 0.012
Patients at the hospital are at risk of VRE 1.71 (0.73–3.42) 0.027
Knowledge of VRE 4.63 (1.51–8.22) 0.001
Patients at the hospital are at risk of VRE 3.11 (1.42–5.81) 0.071
Patients at the hospital are at risk of ESBLs 2.33 (1.24–6.11) 0.093
ESBL-producers>MRSA>CRE > VRE 2.06 (1.46–9.81) 0.213
Knowledge of ESBLs 2.61 (1.92–9.81) 0.059
Have previously managed MRSA infections 1.83 (1.01–3.91) 0.067
Adjusted for significant terms (P < 0.05) in bivariable comparisons
OR odds ratio, MRSA methicillin resistant Staphylococcus aureus, ESBLs
extended-spectrum beta-lactamases, CRE carbapenem resistant enterobacteria,
VRE vancomycin resistant enterococcus species
Fig. 3 Comparisons of senior and junior physicians regarding the associated effect of age on (a) knowledge of VRE. The mean increase in age
associated with VRE knowledge was significant among senior physicians; (b) knowledge of CRE. The mean increase in age associated with CRE
knowledge was significant among senior physicians. Error bars represent 95% confidence intervals of means. Comparisons performed with multiple
linear regression using effect size determination — with possible interaction of the variables computed by analysis of covariance (ANCOVA). CRE,
carbapenem resistant enterobacteria; VRE, vancomycin resistant enterococcus species
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efforts at behavior change [32]. These findings can
have a potential impact on patient care and infection
control activities; as physicians are less likely to pay
attention to the antibiotic resistance in selecting an-
tibiotics if they consider it less of a problem in their
practice. When asked about the causes of antibiotic
resistance, physicians in our study rated overuse of
antibiotics in the population and hospital as most
important causes of antibiotic resistance and over
use in animals as the least important cause. In a
similar survey in the Democratic Republic of Congo,
respondents rated self-medication and non-completion
of antibiotic treatment as the most important factors
[20]. In-hospital transmission was rated as the least
important cause of antibiotic resistance [20]. In our
study, the majority of respondents answered that anti-
biotics were used appropriately in their units or de-
partments. This finding if true, augurs well for
attempts at controlling antibiotic resistance in the
hospital. However, it may also reflect a socially desir-
able answer and will require more rigorous methods
to adequately explain. Although a recent study in the
hospital has shown relatively low prevalence levels of
MRSA [19], nearly all respondents reported knowledge
of MRSA. This high percentage of awareness could be
due to past outbreaks of MRSA in the hospital (data
not published). Also MRSA is cited frequently in lit-
erature when antibiotic resistance is discussed making
it an easily recognizable mechanism of resistance. The
moderate levels of physicians who knew about ESBL
is worrying since approximately 50% of all Escherichia
coli and Klebsiella species isolated in the hospital are
ESBL producers [24]. This situation may have serious
implications for the management of Gram negative
infections as well as infection control activities in the
hospital.
Knowledge of VRE, MRSA, ESBL, and CRE and
their correct order of prevalence in the hospital were
found to be associated with being a senior doctor.
This finding is at variance with another survey of
physicians in which no association was found between
level of training and knowledge of antibiotic resist-
ance [14]. Our findings may rather reflect previous
experience with antibiotic resistance, a phenomenon
which can lead to better recognition of antibiotic re-
sistance as a problem [32]. This may be exemplified
by the finding that 52% of senior physicians who
expressed knowledge about ESBL also reported hav-
ing managed an ESBL-related infection versus 21%
of junior physicians with knowledge about ESBL and
who had managed ESBL-related infections.
Findings from this study suggests the need to in-
crease activities aimed at improving knowledge on
antibiotic resistance in the hospital. We suggest that
these activities should focus more on junior physi-
cians since they showed inadequate knowledge on
antibiotic resistance and are more likely to be
prescribers of antibiotics [14]. Hospital educational
programmes should include concepts of antibiotic re-
sistance development, multidrug resistant organisms
and modalities for preventing the development and
spread of antibiotic resistance. Also antibiotic use and
resistance concepts should be incorporated into the
clinical education programs of medical schools.
This study has some potential limitations. As with
most self-administered questionnaires not completed
under supervision, we cannot exclude the possibility that
respondents verified their answers with other personnel.
To minimize this bias, we insisted on independent effort
from all study participants. There is the chance that re-
spondents may have given socially desirable answers. It
is also possible that the multiple choice format adopted
in the questionnaire may have urged respondents’ mem-
ory leading to desirable answers. To reduce the chances
of receiving social acceptable answers from respondents,
no identifiers were attached to the questionnaires to en-
sure confidentiality and respondents were allowed to an-
swer the questions within their own time and privacy.
The survey was a single site study and it may not be
possible to extend findings to other healthcare settings.
In Ghana, where a majority of antibiotics are prescribed
by general practitioners in primary care [33] it will be
ideal to conduct further studies among this group of
physicians with regards to their knowledge, attitudes and
practices concerning antibiotic resistance. This would
complement evidence provided in this study to influence
and guide future interventions.
Conclusion
In summary, respondents from this survey showed vari-
able knowledge on the extent and causes of antibiotic re-
sistance; with a high likelihood for underestimating the
problem in their own departments or units. To improve
antibiotic use and control of antibiotic resistance in the
hospital, there is the need to increase education on anti-
biotic resistance among physicians of this hospital with
emphasis on junior physicians.
Additional file
Additional file 1 Survey instrument. This comprised a 40-item question-
naire for assessing the knowledge, attitudes and perceptions on antibiotic
resistance among physicians in Korle-Bu Teaching Hospital. (PDF 1638 kb)
Abbreviations
AEY: Alfred Edwin Yawson; AKL: Appiah-Korang Labi; ANCOVA: Analysis of
covariance; ANOVA: Analysis of variance; AOR: Adjusted Odds ration;
CI: Confidence Intervals; CRE: Carbapenem resistant enterobacteria;
EMCV: ESBL, MRSA, CRE.VRE; MJN: Mercy Jemima Newman; MRSA: Methicillin
Labi et al. BMC Health Services Research  (2018) 18:126 Page 10 of 12
resistant Staphylococcus species; NAA: Nii Armah Adu-Aryee; NJ: New Jersey;
NON: Noah Obeng-Nkrumah; OR: Odds ratio; r: Pearson coefficient;
SB: Stephanie Bjerrum; SPSS: Statistical Package for Social Sciences;
USA: United States of America; VRE: Vancomycin resistant Enterococcus
species; X2: Chi-square; YOA: Yaw Ofori-Adjei
Acknowledgements
We thank Mrs. Anointing Mann of the Department of Community Health of
the School of Public Health for the help with data entry.
Funding
This study received no support from a funding agency.
Availability of data and materials
The authors do not have the permission/consent of study participants to
share the raw data in publicly available repositories. We may however
consider sharing raw data per individual requests.
Authors’ contributions
AKL conceptualized the study; participated in its design, coordination,
and questionnaire administration; and helped to draft the manuscript.
NON helped to conceptualize the study, participated in the study
design, coordination; performed the statistical analysis; and drafted the
manuscript. SB participated in study design and drafting the manuscript.
AEY participated in the study design and drafting of the manuscript.
NAA participated in the study design and drafting of the manuscript.
YOA participated in the study design and drafting of the manuscript.
MJN participated in the study design and drafting of the manuscript. All
authors read and approved the final manuscript.
Ethics approval and consent to participate
The study received ethical approval from the Ethical and Protocol Review
Committee of the College of Health Sciences of the University of Ghana,
with approval identification number:MS-et/M.9-P3.1/2014–2015. All
participants provided written informed consents. All data were treated with
a high level of confidentiality. Unique codes per questionnaire were
employed for computer-based data entry. In all cases, questionnaire and
documentations were kept securely locked. Computerized records of the
survey were kept in electronic files. These documents were accessible to the
lead investigator only.
Consent for publication
Not applicable
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Department of Microbiology, Korle-Bu Teaching Hospital, P.O. Box 77, Accra,
Ghana. 2Department of Medical Laboratory Sciences, University of Ghana
School of Biomedical and Allied Health Sciences, P.O Box 143, Korle-Bu,
Accra, Ghana. 3Department of Infectious Diseases, Copenhagen University
Hospital, Rigshospitalet, Blegdamsvej 9, 2100 Copenhagen, Denmark.
4Department of Surgery, University of Ghana School of Medicine and
Dentistry, P.O. Box 4326, Accra, Ghana. 5Department of Medicine, Korle-Bu
Teaching Hospital, P.O. Box 77, Accra, Ghana. 6Department of Community
Health, School of Public Health, College of Health Sciences, University of
Ghana, Accra, Ghana. 7Department of Medical Microbiology, School of
Biomedical and Allied Sciences, P.O. Box KB, 143 Accra, Ghana.
Received: 13 December 2016 Accepted: 29 January 2018
References
1. Goossens H. Antibiotic Consumption and link to resistance. Clin Microbiol
Infect. 2009;15:12–5.
2. Hulscher ME, Grol RP, van der Meer JW. Antibiotic prescribing in hospitals: a
social and behavioural scientific approach. Lancet Infect Dis. 2010;10:167–75.
3. WHO. Antimicrobial Resistance Global Report on Surveillance. Geneva:
World Health Organisation; 2014.
4. García C, Llamocca LP, García K, Jiménez A, Samalvides F, Gotuzzo E, et al.
Knowledge, attitudes and practice survey about antimicrobial resistance and
prescribing among physicians in a hospital setting in lima, Peru. BMC Clin
Pharmacol. 2011;11:18.
5. Skodvin B, Aase K, Charani E, Holmes A, Smith I. An antimicrobial
stewardship program initiative: a qualitative study on prescribing practices
among hospital doctors. Antimicrob Resist Infect Control. 2015;4:24.
6. Charani E, Castro-Sanchez E, Sevdalis N, Kyratsis Y, Drumright L, Shah N,
et al. Understanding the determinants of antimicrobial prescribing within
hospitals: the role of “prescribing etiquette”. Clin Infect Dis. 2013;57:188–96.
7. Cabana MD, Rand CS, Powe NR, Wu AW, Wilson MH, Abboud PA, et al. Why
don’t physicians follow clinical practice guidelines? A framework for
improvement. JAMA. 1999;282:1458–65.
8. LF MC. Trends In antimicrobial drug prescribing among office-based
physicians in the United States. JAMA J Am Med Assoc. 1995;273:214–9.
9. Tenna A, Stenehjem EA, Margoles L, Kacha E, Blumberg HM, Kempker RR.
Infection control knowledge, attitudes, and practices among healthcare workers
in Addis Ababa, Ethiopia. Infect Control Hosp Epidemiol. 2013;34:1289–96.
10. Venugopalan V, Trustman N, Manning N, Hashem N, Berkowitz L, Hidayat L.
Administration of a survey to evaluate the attitudes of house staff
physicians towards antimicrobial resistance and the antimicrobial
stewardship programme at a community teaching hospital. J Glob
Antimicrob Resist. 2016;4:21–7.
11. Vazquez-Lago JM, Lopez-Vazquez P, Lopez-Duran A, Taracido-Trunk M,
Figueiras A. Attitudes of primary care physicians to the prescribing of
antibiotics and antimicrobial resistance: a qualitative study from Spain. Fam
Pract. 2012;29:352–60.
12. Srinivasan A, Song X, Richards A, Sinkowitz-Cochran R, Cardo D, Rand C. A
survey of knowledge, attitudes, and beliefs of house staff physicians from
various specialties concerning antimicrobial use and resistance. Arch Intern
Med. 2004;164:1451–6.
13. Kotwani A, Wattal C, Katewa S, Joshic PC, Holloway K. Factors influencing
primary care physicians to prescribe antibiotics in Delhi India. Fam Pract.
2010;27:684–90.
14. Pulcini C, Williams F, Molinari N, Davey P, Nathwani D. Junior Doctors ’
knowledge and perceptions of antibiotic resistance and prescribing : a
survey in France and Scotland. Clin Microbiol Infect. 2010;17:80–7.
15. Teixeira Rodrigues A, Roque F, Falcão A, Figueiras A, Herdeiro MT.
Understanding physician antibiotic prescribing behaviour: a systematic
review of qualitative studies. Int J Antimicrob Agents. 2013;41:203–12.
16. Guerra CM, Pereira CAP, Neto ARN, Cardo DM, Correa L. Physicians’
perceptions, beliefs, attitudes, and knowledge concerning antimicrobial
resistance in a Brazilian teaching hospital. Infect Control Hosp Epidemiol.
2007;28:1411–4.
17. Fathi I, Sameh O, Abu-Ollo M, Naguib A, Alaa-Eldin R, Ghoneim D, et al.
Knowledge, attitudes, and beliefs regarding antimicrobial therapy and
resistance among physicians in Alexandria University teaching hospitals and
the associated prescription habits. Microb Drug Resist. 2016;23(1):71–8.
18. Abera B, Kibret M, Mulu W. Knowledge and beliefs on antimicrobial
resistance among physicians and nurses in hospitals in Amhara region,
Ethiopia. BMC Pharmacol Toxicol. 2014;15:26.
19. Egyir B, Guardabassi L, Sørum M, Nielsen SS, Kolekang A, Frimpong E, et al.
Molecular epidemiology and antimicrobial susceptibility of clinical
Staphylococcus Aureus from healthcare institutions in Ghana. PLoS One.
2014;9:e89716.
20. Thriemer K, Katuala Y, Batoko B, Alworonga J-P, Devlieger H, Van Geet C,
et al. Antibiotic prescribing in DR Congo: a knowledge, attitude and
practice survey among medical doctors and students. Meng X, editor. PLoS
One 2013;8:e55495.
21. Wang H, Li N, Zhu H, Xu S, Lu H, Feng Z. Prescription pattern and its
influencing factors in Chinese County hospitals : a retrospective cross-
sectional study. PLoS One. 2013;8(5):e63225.
22. Enweronu-Laryea CC, Newman MJ. Changing pattern of bacterial isolates
and antimicrobial susceptibility in neonatal infections in Korle-Bu teaching
hospital, Ghana. East Afr Med J. 2007;84:164–7.
23. Feglo P, Adu-Sarkodie Y, Ayisi L, Jain R, Spurbeck RR, Springman a C, et al.
Emergence of a novel extended-Spectrum-β-lactamase (ESBL)-producing,
Labi et al. BMC Health Services Research  (2018) 18:126 Page 11 of 12
fluoroquinolone-resistant clone of Extraintestinal pathogenic Escherichia
Coli in Kumasi, Ghana. J Clin Microbiol. 2013;51:728–30.
24. Obeng-Nkrumah N, Twum-Danso K, Krogfelt KA, Newman MJ. High levels of
extended-Spectrum Beta-lactamases in a major teaching Hospital in Ghana:
the need for regular monitoring and evaluation of antibiotic resistance. Am
J Trop Med Hyg. 2013;89:960–4.
25. Newman MJ, Frimpong E, Donkor ES, Opintan JA, Asamoah-Adu A. Resistance
to antimicrobial drugs in Ghana. Infect Drug Resist. 2011;4:215–20.
26. White RG, Hakim AJ, Salganik MJ, Spiller MW, Johnston LG, Kerr L, et al.
Strengthening the reporting of observational studies in epidemiology for
respondent-driven sampling studies: “sTROBE-RDS” statement. J Clin
Epidemiol. 2015:1463–71.
27. Korle Bu Teaching Hospital. 2012 Annual Report. Accra, Ghana: Korle-Bu
Teaching Hospital; 2013.
28. Teixeira Rodrigues A, Ferreira M, Roque F, Falcão A, Ramalheira E, Figueiras
A, et al. Physicians’ attitudes and knowledge concerning antibiotic
prescription and resistance: questionnaire development and reliability. BMC
Infect Dis. 2016;16:7.
29. Oduro-Mensah D, Obeng-Nkrumah N, Bonney EY, Oduro-Mensah E, Twum-
Danso K, Osei YD, et al. Genetic characterization of TEM-type ESBL-
associated antibacterial resistance in Enterobacteriaceae in a tertiary hospital
in Ghana. Ann Clin Microbiol Antimicrob. 2016;15:29–36.
30. Egyir B, Guardabassi L, Monecke S, Addo KK, Newman MJ, Larsen AR.
Methicillin-resistant Staphylococcus Aureus strains from Ghana include
USA300. J. Glob. Antimicrob. Resist. 2015;3:26–30.
31. Pesewu GA, Dogbe R, Asmah RH, Olu-Taiwo MA, Adjei DN. Prevalence and
susceptibility profiles of methicillinresistant staphylococcus aureus (mrsa) in
the University of Ghana Hospital, Legon, Accra. Ghana Int J Pharma Bio Sci.
2014;5:50–3.
32. Wester CW, Durairaj L, Evans AT, Schwartz DN, Husain S, Martinez E.
Antibiotic resistance: a survey of physician perceptions. Arch Intern Med.
2002;162:2210–6.
33. Ahiabu MA, Tersbol BP, Biritwum R, Bygbjerg IC, Magnussen P. A
retrospective audit of antibiotic prescriptions in primary health-care facilities
in eastern region, Ghana. Health Policy Plan. 2016;35:250–8.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Labi et al. BMC Health Services Research  (2018) 18:126 Page 12 of 12
